Introduction
In recent years significant attention has been paid to the physical processes responsible for electron transport in modern field effect transistor (FET) and high electron mobility transistor (HEMT) channels. The final goal is to use them for various terahertz (THz) applications. For this sake the effects related to the excitation of two-dimensional (2D) plasma waves are considered as the most interesting phenomena at the moment. On the one hand, 2D plasma oscillations can lead to THz radiation emission and/or generation due to various plasma instabilities (for example, the so-called Dyakonov-Shur instability [1] ). On the other hand, the excitation of 2D plasma waves can be used for THz signal detection which was recently observed experimentally in sub-and near--THz regions (see, e.g. [2] and references therein). Of course, for the analysis of the conditions favourable to realize these effects the knowlegde of the small-signal admittance and impedance of FET/HEMT structures interesting for THz applications is of great importance.
The aim of this work is just to perform such an investigation through the calculation of the small-signal response of InGaAs HEMTs by using the hydrodynamic approach coupled with a pseudo-2D Poisson equation [2, 3] .
Numerical results
Below we shall present hydrodynamic calculations of small-signal characteristics of HEMT structure based on 50-500-50 nm n + nn + In 0.53 Ga 0.47 As channel with the width δ = 15 nm. 400 nm gate is centered in n-region at a distance d = 15 nm from the channel. n = 8×10 17 cm −3 , n + = 4 × 10 18 cm −3 . The momentum relaxation rate equal to 2 × 10 12 s −1 is assumed. It is supposed that the gate is directly connected with the source by wire so that a perturbation can be applied to source-drain or gate-drain circuits only. In the general case the small-signal current response δj l at a terminal l is linearly related with the voltage perturbation δU m at the terminal m through elements of the Y (admittance) matrix: δj l = Y lm δU m . The reverse relation is usually represented by the impedance matrix Z as: δU l = Z lm δj m . Following Ref. [4] we shall put l, m = 1 for the gate and l, m = 2 for the drain, respectively. Since we are interested mainly in 2D-plasma-wave effects originating from carrier propagation along the channel the ac behavior of the drain current (voltage) response to the ac small-signal voltage (current) perturbation at the drain contact is of the most importance. In above notions it is represented by drain-related diagonal components Y 22 and Z 22 of admittance and impedance matrix. To obtain small-signal spectra of these quantities we are using the Fourier transform of transient response of drain current (or voltage) to voltage (or current) step perturbation at the drain terminal (see, e.g. [4] for more details).
2D-plasma resonances
Let us recall once more that the inherent feature of FETs/HEMTs is an excitation of standing plasma waves in the conducting channel as a response to any internal or external perturbations [3] . As a consequence, in the response spectrum there appears a series of resonant (203) peaks corresponding to frequencies of eigen spatial modes of plasma waves. It should be stressed that the fundamental spatial mode depends on the operation regime of FET/HEMT formulated usually as either the constant voltage or the constant current applied at the drain terminal. Correspondingly, the fundamental spatial mode is defined as λ/2 = L g and λ/4 = L g for the drain voltageand current-driven operations, respectively [3] . Here L g is the length of a gated region of HEMT channel, and λ is the plasma wavelength. As follows from the above equations in the former case the fundamental frequency is twice higher than in the latter one. This is illustrated by Fig. 1 The structure of response spectra and their changes with variation of applied voltages (U ds and U g ) will determine a behavior of the HEMT response to various external influences. Fig. 3 which presents time dependence of the drain-voltage response on the step-like perturbation of the drain current from lower to higher Fig. 3 calculated practically just below the threshold). Finally, with the onset of an instability, U ds (t) goes to periodic self--oscillations (see solid line in Fig. 3 ) with the frequency which well agrees with the instability region predicted by negative values of Re [Y (f )].
Drain voltage self-oscillations

This is illustrated in
values. Below the threshold drain-current value j th d ≈ 62-63 × 10 9 A/m 2 for the instability
Detection of THz signal
The idea of a THz signal detection in HEMTs is based on two main assumptions:
(i) an external THz signal appearing inside HEMT channel originates 2D-plasma waves, which, in principle, can lead to THz radiation emission at odd harmonics,
(ii) due to nonlinearity of current-voltage relation the induced 2D-plasma waves can lead to resonant enhancement of the drain-voltage response at zero frequency which can be used for the THz signal detection.
Usually, such a situation is realized by carrier photoexcitation in the HEMT channels induced at the beating frequency of two cw-lasers (see, e.g. [2] and references therein). Figure 4 illustrates a frequency behavior of the drain--voltage response at the zeroth and first harmonics, U 0 and U 1 , respectively, as functions of the beating frequency of photoexcitation. For comparison, short-dashed line shows the frequency dependence of Re [Z(f )] of the unperturbed HEMT. It is evident that the most pronounced response takes place at the first and third harmonics of the current-operation 2D-plasma wave fundamental frequency.
Conclusions
It is shown that the series of resonant peaks corresponding to frequencies of eigen spatial modes of plasma waves excited in HEMT channels under the voltage-and current-driven operations appear in the small-signal admittance and impedance matrix, respectively. It is found that for sufficiently low value of the velocity relaxation rate the small-signal admittance drain-component Y 22 can reach negative values corresponding to instability onset under constant drain currrent operation. The maxima of the detection signal and excited plasma response coincide with maxima of the small-signal impedance drain component.
